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© Aqueous gellable composition containing an anti-syneresis agent 

© An aqueous gellable composition capable of producing gels resistant to syneresis in the presence of divalent 
ions, contains: 

- a water-soluble acrylamide polymer or copolymer, 

- a crosslinking agent formed by a water-soluble aldehyde, or a water-soluble aldehyde and a water-soluble 
phenol, 

- a water-soluble anti-syneresis agent selected from: organic carboxy acids, organic hydroxy acids and 
aminoacids, or among aminophosphonic acids and their alkali-metal or ammonium salts. 

When malonic acid is used, a delay in aqueous composition gelation is additionally obtained. 
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The present invention relates to an aqueous gellable composition capable of producing gels resistant to 
syneresis in the presence of divalent ions, and to its use in the sector of assisted oil (petroleum) recovery. 

It is well-known that at the end of the step of primary recovery of oil from an oil field, which primary 
recovery is accomplished by exploiting the natural energy stored in the oil reservoir, or by means of 
s mechanical energy, inside the oil field still a large amount of oil remains. Therefore, in order to increase the 
amount of oil which can be extracted, techniques of secondary recovery are customarily used, which 
essentially consist in injecting into the oil field a liquid medium, which generally is water or an aqueous 
polymeric solution, or a gas, such as carbon dioxide or steam, which performs the task of conveying the oil 
to the production well. Unfortunately, owing to the lack of homogeneity in the oil-bearing rock, which is 
w constituted by zones with different permeability characteristics, such fluid means tend to preferentially flow 
through higher-permeability zones. On the contrary, the lower-permeability zones remain non-fluxed or are 
only partially fluxed, and such a drawback prevents the oil contained in the latter from being further 
extracted. 

A solution proposed in the past in order to solve such a problem, consists in modifying the permeability 
75 of the oil field by either completely or partially occluding the high-permeability zones, so that the flow of the 
fluid means, which will be injected into the oil field at a later time in order to recover oil, can be diverted to 
flow through the low-permeability zones. For that purpose, into the oil field an aqueous solution can be 
injected of a gellable polymer, capable of being turned into a gel by means of a multivalent metal ion, so as 
to form polymeric gels in situ. 
20 Inasmuch as the zones'to be occluded may be very large and/or at a long distance from the injection 
well, it may be necessary that the formation of the gel takes place after a delay time, so as to allow the 
gellable solution to reach the desired zone and fill it to a complete, or substantially complete, extent. 

Therefore, the use was proposed in the art of aqueous gellable compositions, either containing, or 
devoid of, divalent ions, with a more or less delayed gelation time, as a function of the site of use thereof 
25 being close to, or far away from, the injection well, which compositions are generally constituted by a 
crosslinkable polymer, e.g., a polyacrylamide, a multivalent metal ion and a bonding agent, or a sequester- 
ing agent for said multivalent metal ion, such as disclosed, e.g., in U.K. patent application 2,187,773 and in 
U.S. patent 4,917,186. 

Another gelation technique known from the prior art uses, as crosslinking agents, a phenol or a 

30 substituted phenol, and an aldehyde, as disclosed in U.S. patents 4,485,875 and 4,994,194. However, it was 
observed that the gels obtained in that way are poorly stable, in particular in the presence of divalent ions, 
in particular calcium and magnesium ions, because phenomena of syneresis occur - i.e., phenomena of 
spontaneous separation of the liquid medium from the gel, owing to same gel shrinking. Said syneresis is 
started as a consequence of the hydrolysis of the amidic groups contained in polymers based on 

35 acrylamide (SPE Paper 13,033 by A. Moradi-Araghi and SPE 14,233 by P.H. Doe, A. Moradi-Araghi, J.E. 
Shaw and G.A. Stahl). The carboxy groups formed as a consequence of said hydrolysis interact with 
divalent ions causing, in case of polymeric solutions, the polymer to precipitate; and, in case of polymeric 
gels, syneresis to occur. As a consequence, the life and consequently the usefulness of gels formed in 
practical use conditions, are reduced. 

40 A deeply studied way to reduce the strong propensity of polyacrylamide to undergo syneresis at 
temperature higher than 60 °C, in the presence of divalent ions, is incorporating into the polymer hydrolysis 
resistant comonomers, as reported by P. H. Doe et al., loc.cit.. Examples of useful comonomers for that 
purpose are N-vinyl-pyrrolidone and 2-acrylamido-2-methylpropane-sulfonate. In practice, it was observed 
that the reduction of sensibility of gels to divalent metal ions depends on the amount of comonomer 

45 introduced into the acrylamide copolymer. However, the use of large amounts of comonomer is hindered by 
such factors as the high cost of the comonomer, and the difficulties met in producing copolymers having a 
high enough molecular weight, to be practically useful for forming the gels. In fact, thus far, only a few 
copolymers of such a type have become available on the market. 

The present Applicant found now, according to the present invention, that some low-cost agents, which 

50 are sequestering agents for divalent ions, display an anti-syneresis effect on the gels obtained from the 
aqueous compositions of acrylamide polymers and copolymers gelled with an aldehyde, or with an 
aldehyde and a phenol. Therefore, according to the present invention, it results it possible the threshold 
temperature of use of polyacrylamides and of relevant copolymers in gellable compositions, with delayed or 
non-delayed gelation time, to be increased, additionally with a general improvement of the characteristics of 

55 the resulting gels. 

It has also been found that malonic acid not only acts as anti-syneresis agent, but also as an agent with 
an unespectedly high activity in delaying the gelation of the aqueous compositions into which it is 
incorporated. 
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In accordance therewith, the present invention relates to an aqueous gellable composition capable of 
producing gels resistant to syneresis in the presence of divalent ions, containing: 

- a water-soluble acrylamide polymer or copolymer, 

- a crosslinking agent formed by a water-soluble aldehyde, or a water-soluble phenol and a water- 
soluble aldehyde, 

- a water-soluble anti-syneresis agent selected from among (i) aminophosphonic acids, or from among 
(ii) organic carboxy acids, organic hydroxy acids and aminoacids. 

Examples of anti-syneresis agents (i) suitable for the stated purpose, are: 

- amino-monoalkylene-phosphonic acids, such as amino-methylene-phosphonic acid: 

OH 



15 H2 N-CH2 -P = 0 



OH 

- amino-bis(alkylene-phosphonic) acids, such as amino-bis(methylene-phosphonic) acid: 

OH 
I 

h-n-cch2-p=o: 2 

I 

OH 

- amino-tris(alkylene-phosphonic) acids, such as amino-tris(methylene-phosphonic) acid: 



OH 
I 

N-CCH 2 -P=03 3 
I 

OH 

45 - polyamino-poly(alkylene-phosphonic) acids, such as triamino-penta(methylene-phosphonic) acid: 



50 
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OH OH 

I I 
CO = P-CH 2 n2-N-CH 2 -CH2-N-CH 2 -CH2-N-i:CH2-P=032 



OH CH 2 OH 

I 

HO-P-OH 
I 



Said amino-alkylene-phosphonic acids can be used as such, or in a partially or completely salified form, 
in particular as sodium salts. 

20 The amino-phosphonic acids are used in the art as anti-fouling inhibitor agents (SPE Paper 217,149), or 
in order to stabilize drilling muds at temperatures lower than 90 *C (SPE Textbook Series, Volume 2, 
Chapter 2). However, the present Applicant found now that by using amino-phosphonic acids, perfectly clear 
polymeric solutions can be obtained with highly hydrolysed poly-acrylamides in synthetic sea water, within 
a wider pH range than obtainable in the absence of such an additive. The present Applicant could 

25 furthermore find that these compounds perfom an anti-syneresis action on the gels obtained from the 
aqueous compositions, containing divalent ions, of acrylamide polymers and copolymers gelled with an 
aldehyde, or an aldehyde and a phenol. 

Among the anti-syneresis agents (ii), the aliphatic alpha-hydroxy acids, aliphatic alpha-dicarboxy acids 
and the aliphatic di- or poly-carboxy acids containing from 3 to 6 carbon atoms are preferred, in which a 

30 hydrogen atom on carbon atom in alpha- or beta-position is replaced by a hydroxy radical. Specific 
examples of anti-syneresis agents are: acetic acid, salicylic acid, ascorbic acid, lactic acid, glycolic acid, 
maleic acid, glycine, adipic acid, succinic acid, phthalic acid, glutaric acid, citric acid, tartaric acid, gluconic 
acid and oxalic acid. 

In particular, the desired effect of anti-syneresis agents (i) and (ii) manifests itself with a concentration of 

35 the same agent, in the gellable composition, corresponding to a ratio of the moles of anti-syneresis agent to 
the divalent ions, in particular calcium and magnesium, of from 0.2 to 10 and preferably of the order of 0.4- 
4. On considering the water generally used in the preparation of the composition (sea water or water coming 
from the same reservoir), those values generally correspond to a molar concentration of anti-syneresis 
agent comprised within the range of from 0.05 M to 0.5 M. 

40 As it was previously stated, the anti-syneresis agent is capable of sequestering the divalent ions present 
in the gellable compositions, in particular calcium and magnesium ions, preventing the precipitation of 
acrylamide polymer and consequently making it possible a polymer solution to exist within an extended pH 
range. Thus, the pH range of gelation of the same compositions results to be extended. For example, a 
mixture constituted by 5,000 ppm of a polyacrylamide with a high hydrolysis degree (a commercial product 

45 manufactured by the Company Aldrich; molecular weight 200,000) in synthetic sea water, at its natural pH 
(8.4) is cloudy, owing to the insolubility of the highly hydrolysed polymer in the presence of divalent ions. 
Such a solution turns into a completely clear one only at pH values of from 3.75 to 5.5. In the presence of 
binders at a concentration of 0.1 M, one may obtain the solubilization at pH values higher than 5.5, up to a 
maximal pH value which depends on the particular binder used, as it can be seen from the table reported 

50 hereinunder. 
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Binder 


Solubility pH range 


Acetic acid 


3.5- 5.8 


Salicylic acid 


3.7- 5.8 


Ascorbic acid 


3.7-6.3 


Lactic acid 


3.7- 9.1 


Glycolic acid 


3.6- 9.6 


Maleic acid 


4.7- 9.7 


Glveine 


3.7- 9.8 


Adipic acid 


3.6- 9.8 


Succinic acid 


3.7- 9.8 


Phthalic acid 


3.8-10 


Glutaric acid 


3.7-10.4 


Citric acid 


3.6-12.7 


Tartaric acid 


3.6-13.6 


Gluconic acid 


3.6-13.6 


Oxalic acid 


2.0-13 



Furthermore, a mixture constituted by 5,000 ppm of a highly hydrolysed polyacrylamide (a commercial 
product, manufactured by the company Aldrich; molecular weight 200,000) in synthetic sea water, at its 
natural pH (8.4) is cloudy, owing to the insolubility of the highly hydrolysed polymer in the presence of the 
divalent ions. Such a solution turns into a completely clear one only at pH values of from 3.75 to 5.5. In the 
presence of diethylene-triamino-penta(methylene phosphonic) acid, in an amount of 0.5% by weight, 
polyacrylamide can be dissolved in synthetic sea water at pH values which may range from 3.75 up to 11, 
or even higher. The resulting perfectly clear solutions are stable up to temperatures of 1 20 • C or more. 
Such a result indicates that diethylene-triamino-penta(methylene phosphonic) acid is capable of complexing 
the divalent ions, forming a soluble complex. The removal of the divalent ions obtained in that way enables 
the poly-acrylamide, also highly hydrolysed, to remain in solution in synthetic sea water. 

According to a preferred form of practical embodiment of the present invention, malonic acid is used as 
an agent capable of delaying gelation and of counteracting the syneresis of the gel obtained from the same 
compositions. In particular, these desired effects manifest themselves when the molar concentration of 
malonic acid in the gellable composition is kept comprised within the range of from 0.01 M to 0.5 M, and 
preferably of from 0.01 to 0.2 M. These values generally correspond to a molar ratio of phenol to malonic 
acid comprised within the range of from 6.4:1 to 0.1:1 and preferably of from 6.4:1 to 0.3:1 and to a ratio of 
the aldehyde to said malonic acid comprised within the range of from 200:1 to 4:1 and preferably of from 
200:1 to 10:1. 

The acrylamide polymers useful for that purpose are acrylamide homopolymers and acrylamide 
copolymers with one or more unsaturated copolymerizable monomers such as, e.g., acrylic acid, 
methacrylamide, sodium 2-acrylamido-2-methyl-propanesulfonate and N-vinyl-2-pyrrolidone. Among the 
copolymers, copolymers of acrylamide with sodium 2-acrylamido-2-methyl-propanesulfonate, copolymers of 
acrylamide with N-vinyl-2-pyrrolidone and terpolymers of acrylamide with sodium 2-acrylamido-2-methyl- 
propane-sulfonate and N-vinyl-2-pyrrolidone, are preferred. 

The (co)polymers of acrylamide can be substantially non-hydrolysed (less than 1% of amidic groups 
are hydrolysed to yield carboxy groups), or partially hydrolysed (more than 1% of amidic groups are 
hydrolysed to yield carboxy groups). Preferably, acrylamide (co)polymers with a hydrolysis degree of the 
order of 1-67%, or copolymers of acrylamide with acrylic acid are used. 

The molecular weight of these acrylamide (co)polymers can generally be comprised within the range of 
from 100,000 to 20,000,000 and preferably within the range of from 200,000 to 12,000,000. 

The concentration of acrylamide (co)polymer in the gellable composition according to the present 
invention can generally be comprised within the range of from 1 ,000 to 50,000 ppm (parts per million parts 
by weight); it will be preferably comprised within the range of from 3,000 to 30,000 ppm, and, in the most 
preferred form, of from 5,000 to 10,000 ppm in the case of use of fresh water; and of from 15,000 to 30,000 
ppm in case of salt water (for example, sea water). 

The crosslinking agent used in the composition of the present invention is formed by a water-soluble 
aldehyde, or a water-soluble aldehyde and a water-soluble phenol. 

The aldehyde is advantageously selected from the group consisting of monoaldehydes or dialdehydes, 
such as formaldehyde, trioxane, paraformaldehyde, acetaldehyde, propionaldehyde, butyric aldehyde, 
isobutyric aldehyde, valeric aldehyde, heptaldehyde, decanal, glyoxal, glutaric aldehyde and terephthalal- 



5 



EP 0 544 377 A1 



dehyde. According to the preferred form of practical embodiment, formaldehyde or compounds capable of 
releasing formaldehyde will be used. The amount of aldehyde in the composition can be comprised within 
the range of from 100 to 20,000 ppm, and preferably will be of from 400 to 10,000 ppm. 

In the preferred form of practical embodiment, the crosslinking agent will be constituted by an aldehyde, 
5 selected from among those as reported hereinabove, and by a phenol, which will be advantageously 
selected from mono-hydroxy or di-hydroxy phenols, such as phenol, catechol, resorcinol, phloroglucinol, 
pyrogallol, 4,4'-diphenol, 1 ,3-dihydroxynaphthalene and salicylic acid esters and amides. Phenol is pre- 
ferred. The amount of phenol contained in the composition according to the present invention can range 
from 300 to 12,000 ppm (parts per million parts by weight), and preferably will be of the order of 400-10,000 
w ppm. The molar ratio of the aldehyde to the phenol will be comprised within the range of from 0.01:1 to 25:1 
and preferably will be comprised within the range of from 0. 5:1 to 6:1. 

In any cases, the selection of the aldehyde, or of the aldehyde and phenol, of their concentration in the 
solution and of their ratio, within the above reported ranges, will be dictated by considerations as to the 
desired rate of gelation and as to the physical properties of the gels for the specific environmental 
75 conditions in which the gelation is due to take place. 

The gellable composition can finally contain one or more stabilizing agent(s) for the polymer, selected 
from those customarily used for that purpose, such as, e.g., thiourea. 

The aqueous gellable composition of the present invention can be prepared by simply mixing the 
components thereof, on considering that the addition sequence is not particularly critical. However, if a 
20 substantially hydrolysed acrylamide polymer and divalent-ion-containing water are used, adding to water the 
anti-syneresis agent and subsequently the hydrolysed polymer, may result to be advantageous. In the 
preparation of the composition, salt-containing water can be used, such as, e.g., sea water or water from the 
same oil field, as well as salt-free water. 

According to a further aspect thereof, the present invention relates to the use of the above disclosed 
25 gellable composition in assisted oil recovery operations, or in other known operations, such as in the 
reduction of permeability in zones of an oil field, in the isolation of zones of the oil field, and in such known 
operations such as water shut-off, water coning, gas coning and well shut-in. 

In particular, in the use in order to reduce the permeability of zones of an oil field, the process is carried 
out by: 

30 a) preparing the aqueous gellable composition having the characteristics disclosed hereinabove; 

b) injecting the composition into the oil field, through at least one well; 

c) causing the composition to flow through the oil field, until said composition reaches, and substantially 
fills, the high-permeability zone which one wishes to treat; and 

d) allowing said composition to turn into a gel, with the permeability of the same zone being 
35 consequently reduced. 

The composition of the present invention will have a more or less delayed gelation time, adjustable as a 
function of the specific components used for the preparation thereof, of the relative ratio of said components 
to each other, and of the environmental conditions, in particular the temperature, at which the gelation takes 
place. The best results, as regards the gelation delay, are obtained by means of the use of malonic acids, 
40 as indicated above. 

According to an advantageous form of practical embodiment, the gellable composition according to the 
present invention is used in order to reduce the permeability of high-permeability zones situated in depth in 
the oil field, in which the temperature is much higher, or anyway situated far away from the injection well, 
without that an early gelation takes place. 
45 The composition of the present invention turns into a gel with useful delay times within a wide range of 
temperatures, e.g., from 70 °C to 1500°C. In any cases, the gels obtained show unexpected characteristics 
of resistance to syneresis, as it will be clear from the following, non-limitative experimental examples. 

Example 1 

50 

Aqueous gellable compositions are prepared by mixing: 

- synthetic sea water; 

- 10,000 ppm of a copolymer of acrylamide and sodium 2-acrylamido-2-methyl-1-propanesulfonate in a 
weight ratio of approximately 72:25, with a weight average molecular weight of from 1 to 3.10 s , 

55 containing about 4% of amidic groups hydrolysed to yield carboxy groups (a commercial product 

supplied by the Company Drilling Specialties); 

- 5,000 ppm of thiourea; 

- 6,000 ppm of phenol; 
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- 6,000 ppm of formaldehyde; and 

- variable amounts of anti-syneresis agent diethylene-triamino-penta(methylene-phosphonic) acid, or of 
said acid in a partially salified form (sodium salt). 

The compositions are adjusted at a pH value of 5±0.1 and are submitted to gelation in an oven at 
5 120 'C. 

For comparison purposes, a composition similar to the above, but not containing the anti-syneresis 
agent, is prepared and gelled. The resulting gels are maintained at 120 - C, and the percent syneresis 
development is monitored over time. The data reported in the following Table 1 relates to the use of 
diethylene-triamino-penta(methylene-phosphonic) acid, and the data reported in Table 2 relates to the use 
jo of the same acid, . in a partially salified form with sodium. 

Table 1 



Time (days) 


Concentration of anti-syneresis agent (% by weight) 


0% 


0.5% • 


1% 


3% 


1 


5% 


stable 


stable 


stable 


5 


30% 


stable 


stable 


stable 


7 


40% 


5% 


stable 


stable 


8 


40% 


20% 


stable 


stable 


11 


60% 


40% 


5% 


stable 


13 


70% 


50-60% 


10% 


stable 


20 


90% 


80% 


50% 


stable 


50 




90% 


80% 


stable 



Table 2 



. 30 



40 



Time (days) 


Concentration of anti-syneresis agent (% by weight) 


0%. 


0.5% 


1% 


3% 


5% 


1 


5% 


stable 


stable 


stable 


stable 


5 


30% 


5% 


stable 


stable 


stable 


8 


40% 


20-30% 


<5% 


stable 


stable 


11 


60% 


40% 


30% 


stable 


stable 


13 


70% 


70% 


50% 


<5% 


stable 


20 


90% 


80% 


60% 


5% 


stable 


50 




90% 


80% 


10% 


5% 



Example 2 

45 Aqueous gellable compositions are prepared by mixing: 

- synthetic sea water; 

- 20,000 ppm of a copolymer of acrylamide and sodium 2-acrylamido-2-methyl-1-propanesulfonate in a 
weight ratio of approximately 72:25, with a weight average molecular weight of from 1 to 3.1 0 6 , 
containing about 4% of amidic groups hydrolysed to yield carboxy groups (a commercial product 

so supplied by the Company Drilling Specialties); 

- 5,000 ppm of thiourea; 

- 6,000 ppm of phenol; 

- 6,000 ppm of formaldehyde; and 

- variable amounts of anti-syneresis agent glycolic acid, citric acid or oxalic acid. 

55 The compositions are adjusted at a pH value of 5±0.1 and are submitted to gelation in an oven at 
120 -C. 

For comparison purposes, a composition similar to the above, but not containing the anti-syneresis 
agent, is prepared and gelled. The resulting gels are maintained at 120'C, and the percent syneresis 
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development is monitored over time. The results are reported in the following Table 3. 

Table 3 



Anti-syneresis agent 


Time (days) 


Glycolic ac. 


Citric ac. 


Oxalic ac. 


None 


0.1 M 


0.3 M 


0.1 M 


0.1 M 


5 


5-10% 


stable 


stable 


stable 


20% 


10 


20% 


5-10% 


stable 


stable 


30% 


15 


40-50% 


30% 


stable 


stable 


50% 


20 


70-80% 


60% 


stable 


stable 


90% 


30 


90% 


90% 


stable 


stable 




90 






stable 


<5% 





Example 3 

Aqueous gellable compositions are prepared by mixing: 

- synthetic sea water; 

- 10,000 ppm of an acrylamide polymer having a hydrolysis degree of 7.5%; 

- 6,000 ppm of phenol; 

- 6,000 ppm of formaldehyde; and 

- variable amounts of anti-syneresis agent glycolic acid or citric acid. 

The compositions are adjusted at a pH value of 5±0.1 and are submitted to gelation in an oven at 90* C. 

For comparison purposes, a composition similar to the above, but not containing the anti-syneresis 
agent, is prepared and gelled. The resulting gels are maintained at 90 *C, and the percent syneresis 
development is monitored over time. The results are reported in the following Table 4. 

Table 4 



Anti-syneresis agent 


Time (days) 


Glycolic acid 


Citric acid 


None 


0.1 M 


0.3 M 


0.1 M 


0.3 M 


8 


<5% 


stable 


stable 


stable 


5% 


13 


30% 


20% 


<5% 


stable 


40% 


21 


40-50% 


40% 


10% 


stable 


50% 


60 


60% 


40% 


10% 


5% 


80% 


90 


70% 


40% 


10% 


10% 


90% 



Example 4 

Aqueous gellable compositions are prepared by mixing: 

- synthetic sea water; 

- 20,000 ppm of a copolymer of acrylamide and sodium 2-acrylamido-2-methyl-1-propanesulfonate in a 
weight ratio of approximately 72:25, with a weight average molecular weight of from 1 to 3.1 0 e , 
containing about 4% of amidic groups hydrolysed to yield carboxy groups (a commercial product 
supplied by the Company Drilling Specialties); 

- 5,000 ppm of thiourea; 

- 6,000 ppm of phenol; 

- 6,000 ppm of formaldehyde; and 

- malonic acid in the molar concentrations (M) and in the molar ratio of phenol to malonic acid (R) and 
of formaldehyde to malonic acid as reported in the following Table 5. 
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The compositions are adjusted at a pH value of 5±0.1 and are submitted to gelation in an oven at 
120 -C. 

The gels obtained in that way are stored at 120°C, and the values of: 

- gelation time (T gel); 

5 - Elastic modulus of the gel (G'), expressed as Pa; 

- pH value of gel (pH); and 

- stability of gel to syneresis (stab.), defined as the time at which the syneresis phenomenon starts 
are measured. 

These results are reported in the following Table 5. 

10 

Table 5 



Malonic ac. 


R 


R' 


Tgel 


6' 


pH 


stab. 


0 


MO 






5 hrs. 


99 


6.25 


7 days 


0.025 


M 


2.56 


80 


5/23 hrs. 


122 


5.92 


19/34 days 


0.075 


M 


0.85 


26.7 


5/23 hrs. 


143 


6.03 


>2.5 months 


0.1 


M 


0.64 


20 


4-7 days 


143 


5.85 


>2.5 months 


0.15 


M 


0.42 


13.3 


7-8 days 


nd 


nd 


nd 


0.2 


M 


0.32 


10 


8-11 days 


nd 


nd 


nd 


0.3 


M 


0.21 


6,7 


no gel 








nd = Not determined; 



O in this sample, not containing malonic acid, syneresis is of more than 90% after 25 
25 days. 



The data reported in Table 5 sets forth the gelation delaying effect of malonic acid, and the anti- 
syneresis effect of the latter on the resulting gels. 

This data also evidences that the results are not due to a simple pH effect, not even to a subtraction or 
modification of phenol or of formaldehyde by malonate. 



Example 5 (Comparison example) 



An aqueous gellable composition similar to the composition of Example 4 is prepared, without phenol. 
The gelation behaviour of said composition in the absence and in the presence of malonic acid is 
reported in the following Table 6. 

Table 6 

40 , , , , , 



Crosslinker 


Concentrated malonic ac. 


pH 


Gelation time 


Formaldehyde 


0 M 


5,55 


5-21 hours 


Formaldehyde 


0.05 M 


8.19 


21-45 hours 


Formaldehyde 


0.1 M 


8.36 


6-9 days 



The data reported in Table 6 evidence a delaying effect on gelation which however could be at least 
partially attributable to the change in pH value which occurs during gelation. 

50 Example 6 (Comparison example) 

An aqueous gellable composition similar to the composition of Example 4 is prepared, but without 
formaldehyde. 

No gelation is obtained either in the absence or in the presence of malonic acid. 

. 55 
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Claims 

1. Aqueous gellable composition capable of producing gels resistant to syneresis in the presence of 
divalent ions, containing: 

• a water-soluble acrylamide polymer or copolymer, 

- a crosslinking agent formed by a water-soluble aldehyde, or a water-soluble phenol and a water- 
soluble aldehyde, and 

- a water-soluble anti-syneresis agent selected from (i) amino-phosphonic acids, or from (ii) organic 
carboxy acids, organic hydroxy acids and amino acids. 

2. Composition according to claim 1, characterized in that the anti-syneresis agents (i) are: 

- amino-monoalkylene-phosphonic acids, such as amino-methylene-phosphonic acid: 

OH 



H 2 N-CH 2 -P = 0 



amino-bis(alkylene-phosphonic) acids, such as amino-bis(methylene-phosphonic) acid: 

OH 



H-N-CCH 2 -P=0]2 



amino-tris(alkylene-phosphonic) acids, such as amino-tris(methylene-phosphonic) acid: 

OH 
I 

N-CCH 2 -P=0] 3 
I 

OH 

polyamino-poly(alkylene-phosphonic) acids, such as triamino-penta(methylene-phosphonic) acid: 



10 



EP 0 544 377 A1 



OH 



OH 



CO=P-CH 2 ]2 -N-CH2-CH2 -N-CH 2 -CH 2 -N-CCH 2 -P=0] 2 



OH 



CH 2 



OH 



HO-P-OH 

I 
0 



3. Composition according to claim 1 , characterized in that the anti-syneresis agents (ii) are selected from 
aliphatic alpha-hydroxy acids, aliphatic alpha-dicarboxy acids and aliphatic dicarboxy or polycarboxy 
acids containing from 3 to 6 carbon atoms, in which a hydrogen atom on carbon atom in alpha- or beta- 
position is replaced by a hydroxy group. 

4. Composition according to claim 1, characterized in that said anti-syneresis agents (ii) are: acetic acid, 
salicylic acid, ascorbic acid, lactic acid, glycolic acid, maleic acid, glycine, adipic acid, succinic acid, 
phthalic acid, glutaric acid, citric acid, tartaric acid, gluconic acid and oxalic acid. 

5. Composition according to claim 1, characterized in that the ratio of the moles of anti-syneresis agent (i) 
or (ii) to the divalent ions, in particular calcium and magnesium, is comprised within the range of from 
0.2 to 10 and preferably is of the order of from 0.4 to 4, with a molar concentration of anti-syneresis is 
agent comprised within the range of from 0.05 M to 0.5 M. 

6. Composition according to claim 1 , characterized in that the anti-syneresis agent is malonic acid present 
at a molar concentration of from 0.01 M to 0.5 M and preferably of from 0.01 to 0.2 M, and with a molar 
ratio of phenol to malonic acid comprised within the range of from 6.4:1 to 0.1:1 and preferably of from 
6.4:1 to 0.3:1 and a ratio of aldehyde to said malonic acid of from 200:1 to 4:1 and preferably of from 
200:1 to 10:1. 

7. Composition according to claim 1, characterized in that said acrylamide polymer is an acrylamide 
homopolymer or an acrylamide copolymer with one or more unsaturated copolymerizable monomer (s) 
selected from the group consisting of acrylic acid, methacrylamide, sodium 2-acrylamido-2-methyl- 
propanesulfonate and N-vinyl-2-pyrrolidone, substantially non-hydrolysed or partially hydrolysed, with a 
molecular weight comprised within the range of from 100,000 to 20,000,000 and preferably comprised 
within the range of from 200,000 to 12,000,000; in an amount of from 1,000 to 50,000 ppm, preferably 
of from 3,000 to 30,000 ppm; and, in the most preferred form, of from 5,000 to 10,000 ppm in the case 
of use of fresh water; and of from 15,000 to 30,000 ppm in case of salt water. 



8. Composition according to claim 1 , characterized in that the crosslinking agent is a monoaldehyde or a 
dialdehyde selected from the group consisting of formaldehyde, trioxane, paraformaldehyde, acetal- 
dehyde, propionaldehyde, butyric aldehyde, isobutyric aldehyde, valeric aldehyde, heptaldehyde, 
decanal, glyoxal, glutaric aldehyde and terephthalaidehyde, and preferably is formaldehyde, in an 
amount of from 100 to 20,000 ppm and preferably of from 400 to 10,000 ppm. 

9. Composition according to claim 1, characterized in that the crosslinking agent is constituted by an 
aldehyde and a mono-hydroxy or di-hydroxy phenol, selected from the group consisting of phenol, 
catechol, resorcinol, phloroglucinol, pyrogallol, 4,4'-diphenol and 1 ,3-dihydroxynaphthalene and prefer- 
ably is phenol, in an amount of from 300 to 12,000 ppm, and preferably is of the order of 400-10,000 
ppm, with a molar ratio of the aldehyde to the phenol comprised within the range of from 0.01:1 to 25:1 
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and preferably of from 0.5:1 to 6:1. 

10. Composition according to claim 1, characterized in that said composition additionally contains one or 
more stabilizer agent(s) for the acrylamide polymer, and, preferably, thiourea. 

11. Use of the gellable composition according to claims from 1 to 10, in the reduction of the permeability in 
zones of an oil field, in the isolation of zones of the oil field, and in the operations of water shut-off, 
water coning, gas coning and well shut-in. 

12. Use according to claim 11, characterized in that in order to reduce the permeability of an oil field, the 
process is carried out by: 

a) preparing the aqueous gellable composition according to claims from 1 to 10; 

b) injecting the composition into the oil field, through at least one well; 

c) causing the composition to flow through the oil field, until said composition reaches, and 
substantially fills, the high-permeability zone which one wishes to treat; and 

d) allowing said composition to turn into a get, with the permeability of the same zone being 
consequently reduced. 
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